Inactivation of the 2-ketoglutarate and pyruvate dehydrogenase complexes of beef heart by branched chain keto acids.
Incubation of 2-ketoglutarate dehydrogenase complex with 2-ketoisovalerate, 2-keto-4-methylvalerate, or 2-keto-3-methylvalerate leads to the appearance of a lag phase and of a progressive loss of activity in subsequent measurements of the initial rate of oxidation of 2-ketoglutarate. In the case of 2-ketoisovalerate these effects are shown to be due to the formation of an isobutyryllipoate derivative of the enzyme, as a result of the very slow oxidation of 2-ketoisovalerate by the enzyme complex (Vmax congruent to 0.15% of that for 2-ketoglutarate). Incubation of the enzyme complex with 2-keto[14C]isovalerate or 2-keto[14C]glutarate results in comparable incorporation of radioactivity, amounting to 3.5 to 5.3 nmol of isobutyryl or succinyl residues per mg of protein in the complex. Isobutyryl residues are also incorporated in the enzyme during the simultaneous oxidation of both of these substrates. During the early phase of incubation of the complex with 2-ketoisovalerate the incorporation of isobutyryl residues is much faster than the loss of enzyme activity. This observation seems to support the suggestion that each 2-ketoglutarate decarboxylase subunit of the complex may catalyze the succinylation of more than one lipoate succinyltransferase subunit. Results are also presented showing the inactivation of pyruvate dehydrogenase complex on preincubation with 2-ketoisovalerate and of 2-ketoglutarate dehydrogenase complex with methylenecyclopropylpyruvate, the keto acid corresponding to the toxic amino acid hypoglycin. The relevance of covalent modifications of the two keto acid dehydrogenase complexes to the pathological manifestations of maple syrup urine disease are discussed.